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Candidate  of  Technical  Sciences 

In  one  of  our  reference  papers  [l]  a  method  is  given  for  increasing  tiie  effi¬ 
ciency  of  a  diffuser  by  Installing  especially  designed  cross-ribbing  cn  its  walls. 

The  results  were  obtained  for  diffusers  with  rectilinear  generatrices  and  for  rela¬ 
tively  sicall  Be  numbers  (Be  <  10^),  *e  know  that  in  the  presence  of  various  turbu- 
lators;  roughness  and  concentrated  protuberance  on  the  surfaces  of  poorly  stroatnj- 
linod  bodies  (cylinders,  bails,  etc.)  the  hydraulic  resistance  of  a  device  di:.inisho3 
within  a  certain  relatively  narrow  range  of  Be  numbers;  with  a  further  increase  in  Bo 
this  effect  disappears  and  tae  resistance  of  the  body  with  the  turtulator  becomes 
greater  than  without  it. 

Fudge  and  'aoraep  [2J  performed  experiments  with  a  cylinder  on  the  surface  of 
which  wires  of  different  diameter  wore  located  parallel  to  the  generatrices  near  the 
point  of  miniaxjo  pressure.  It  wns  a;own  that  with  on  increase  in  Be  the  effect 
caused  by  the  use  of  a  turbulator  decreesos  and  for  Be  u  •  IC^  the  re3io.tr».r.co  of 
the  cylinder  with  the  turbulators  becomes  greater  than  vithout  them. 

This  phenomenon  is,  as  we  know,  explained  by  forced  turbulatlcn  of  the  l»!minnr 
boundary  layer,  as  a  result  of  wuich  ther«  occurs  e  broakswa,  rot  of  the  lami-  r,  S,t 
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the  iturbulent- layer,  which  ia  capable  cf  ovarccsdufi  lar^r  poaitive  pressure  • 
■without  breakawai'.  The  turbulatioa  referred  to  ia  efficient  for  relatively  luw  value 
of  Ke,  when  the  overall  level  of  turbulenca  la  low,  Vith  an  increase  in  Be  the  over- 


Flg.  1.  Diagram  of  the  experimental  FiS.  lnfluer.ee  of  the  arrange- 

apparatua.  ment  of  the  rib  syatem. 


It  waa  extremely  important,  therefore,  to  atudy  the  ccraa-ribbed  diffuser  at 
high  values  of  He,  corresponding  to  the  operating  conditici.s  for  diffuaera  in 
turbines.  It  waa  also  important  to  investigate  the  efficiency  of  crosr  ribbing  fer 
a  curvilinear  diffuser.  The  investigations  ware  coDiuctod  on  a  plane  curvilinoar 
diffuser  model,  the  generetricea  of  which  were  constructed  in  the  form  of  an  arc 
of  a  circle.  Such  a  curvature  was  provided  in  order  to  de.xo::3trato  the  possibility 
of  using  cross-ribbing  for  prolonging  high-intonsity  breakaway. 

i.  diagram  of  the  experimental  apparatus  ia  shown  in  Pig.  1.  The  ilow  free;  the 
pressure  line  of  the  blower  enters  into  the  confusor,  which  provides  a  uniform  field 
of  velocities,  and  then  passes  through  the  straight  portion  into  the  curvilinear 
channel.  The  static  pressure  was  moasurod  at  six  drainage  apertures  located  on  the 
perimstcr  of  a  rectangle,  Tha  outlets  were  joined  into  a  single  tube  and  lei  off 
to  a  micrcmancooter.  The  velocities  cC  the  flow  were  determined  with  a  Frond tl 
tube  and  averaged.  Tha  Intor-rib  cavities  along  the  generotzioeo  of  tho  ciffusar 
vers  cut  to  a  depth  of  7  nm.  In  constructing  the  ribs  1.3  In  thicknesa  -itn  a 
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'dijBtanco  .of -5,5  nan  betv/eeo  thani  vo  were  keepin*;  to  reccaanerjJat.ions  for  t;;a  sclecti^u 
of  optimal  ribbing  deriTcd  in  experiments  on  rectilinear  diffusers.  In  the  first 
approximation  the  height  of  a  rib  ^  and  the  distance  between  ribs  s  are  related  by 
the  equation  sssO.Sb,  ’*o  shall  again  note  that  the  stated  relationships  ai  3  tenta¬ 
tive.  In  the  experiments  the  location  of  the  rib  system  on  the  generatrices  of  the 
diffuser  was  varied.  It  was  shown  that  the  efficient-  of  the  diffuser  ribbing  depends 
upon  the  location  of  the  first  inter-rib  cavity  along  the  flow.  In  these  experiments 
the  rib  system  was  cceposed  of  15  ribs.  It  was  observed  that  the  first  inter-rib 
cavity  for  which  the  cross-ribbing  lessens  the  roslstance  of  the  device  is  located 
a  short  distance  downstream  from  the  narrow  section.  Displacement  of  this  inter-rib 
cavity  along  with  the  whole  rib  system  up  or  downstream  from  the  stated  section 
causes  the  cross-ribbing  to  become  inefficient.  The  results  of  these  experiments  are 
listed  in  Fig.  2.  The  losses  were  evaluated  in  terms  of  the  resistonce  coefficient 

*  o‘ •  .  here  atmospheric  pressure  is  taken  as  the  counterpressure,  ond  w  is  the 
5-y  ~ 

velocity  in  the  narrow  section.  Twice  the  radius  of  curvature  of  the 

diffuser  was  taken  as  the  characteristic  dimension  in  the  expression  for  He.  Plotted 
along  the  abscissa  is  the  central  angle  moaairod  from  the  vertical  diameter  (passing 
through  the  narrow  portion  of  the  canal)  to  the  diameter  passii^g  through  the  origin 

of  the  firat  inter-rib  caviti  (the  condition  a  =  0  corresponds  to  the  case  in  wnich 

/ 

the  first  inter-rib  cavity  is  situated  in  the  narrow  portion  of  the  channel).  As 
can  be  seen  from  the  graph,  the  maximum  effect  occurs  whan  a  =  8°  to  12^.  It  is 
necessary  to  assume  that  this  narrow  region  is  situated  before  the  breakaway  point. 
When  the  first  inter-rib  cavity  is  situated  downstream  beyond  the  brookawey  point, 
the  inter-rib  cavities  are  not  streamlined  by  the  active  boundary  layer,  on-  the 
affect  of  the  ribbing  diaappaara. 

Wa  note  that  the  oroas-ribbing  being  used  ia  organized  in  auch  a  way  that  the 
upper  ends  of  the  ribs  are  inscribed  in  an  ini tally  amcetb  aurface.  biuch  surfaces 
are  usually  called  aemismooth  surfeces. 
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.  Depicted  la  Fig.  3  is  the  depeztdence  of  the  resistance  coefficient  of  ^he 

rik'jT  ;  ‘.L  ?■'  Tt'i' 

diffuser  on  Re  for  the  optimal  position  of  the  first  inter-rib  cavity.  The  .Taxim’no 
velocity  at  the  diffuser  intake  ia^lO  in/sec>e  note  that  this  resistance  coefficient 
is  not  the  resistance  coefficient  proper  to  the  diffuseij  since  it  incorporates  t;*; 
resistance  of  the  supplying  ccnfr-ssr  device.  However  since  this  resistance  was 
constant  for  all  the  experiments,  the  parameter  we  have  adopted  indirectly  determines 
the  diffuser  resistance.  As  can  be  seen  from  the  graph^the  installation  of  cross-ribbing 
reduces  the  diffuser  resistance  coefficient  by  one  third.  This  attests  to  the  nigh 
efficiency  of  this  type  of  ribbing  for  flow-separation- diffusers.  The  fact  that  the 
resistance  coefficient  is  Independent  of  Ho  merits  attention.  A  comparison  between 
the  data  in  Fig.  3  and  the  reference  article  [2]  shows  that  the  effect  of  cross-ribs 
is  not  identical  to  the  effect  of  ordinary  turbulators.  As  was  noted,  when  ordinary 
turbulotors  are  used,  an  increase  in  Re  leads  to  their  becoming  inefficient;  for  the 
case  of  cross-ribs  the  efficiency  does  not  vary  with  the  Re  number  (except  for  the 
region  of  small  Re);  this  is  very  important  under  the  conditions  present  in 
turbines.  Thus,  tne  effect  due  to  the  use  of  cross-ribs  cannot  be  explained  froo: 

the  point  of  view  of  a  resistance  crisis  due  to  the  forced  transformation  of  the 
laminar  boundary  layer  into  a  turbulent  one. 
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Fig.  3.  efficiency  of  curvilinear 
diffusers:  O)  sjsocth  ribbed 
diffuser. 

The  meebaniam  of  this  effect  re:;uire3 


Fig.  4.  The  Influence  of  the  nuabor 
of  ribs  on  the  efflcienc;  cf  s 
diffxiser. 

further  investigotlor.. 
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.  Experiments  were  conducted  on  the  influence  of  the  number  of  ribs,  the  first 
inter-rib  cavity  being  situated  in  the  optimal  way.  The  number  of  ribs  n 
downstream  was  varied.  The  results  of  the  experiments  are  given  in  Fig.  4, 

from  which  it  follows  that  for  n»  S  the  efficiency  of  the  device  doss  not  change. 

Thus,  there  is  no  necessity  to  cover  the  entire  surface  of  the  flow  section 
with  ribs;  It  is  encugn  to  install  a  definite  a.ad  relatively  limited  number  of  them. 
This  conclusion  agrees  with  the  result  obtained  for  a  ribbed  diffuser  with 
rectilinear  generatrices 

It  is  possible  to  draw  the  following  conclusions  from  the  work  wa  have  performed 

1.  Cross-ribbing  Installed  on  the  walls  of  curvilinear  diffusers  leads  to 
an  increase  in  their  efficiency. 

2.  The  efficiency  of  a  ribbed  diffuser  significantly  depends  upon  the  arrange¬ 
ment  of  the  ribs  in  the  flow  section. 

1.  Y.  K.  ^iigay.  A  Cross-ribbeu  IHffuser,  anergomashiacstroyenly  e,  I'ycU,  i^o. 

2.  The  Current  ^tace  of  the  Hydroaorodynamics  of  Viscous  Fluids,  Vol.  l,  .uteto 
Foreign  Lit.  Press,  194^« 
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